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Abstract
Purpose: The purpose of this study was twofold: (i) to compare vertical bone height (VBH) after
tumor resection through grafting with either a double-barrel fibula (DBF) technique or vertical
distraction osteogenesis of the fibula (VDOF); (ii) to compare the performance of loaded dental
implants following either DBF or VDOF with special focus on implant survival, implant success, and
bone resorption.
Materials and methods: This retrospective clinical study involved 19 patients who underwent
implant placement following DBF (group A, n = 9) or VDOF (group B, n = 10) for mandibular
reconstruction from March 2006 to May 2008. Clinical and radiographic assessments, including
VBH, modified Plaque Index (mPI), modified Sulcus Bleeding Index (mSBI), and marginal bone
level (MBL), were taken for both groups after delivery of the final prostheses and annually
thereafter.
Results: Nine patients underwent DBF with 24 implants placed and 10 patients underwent
VDOF with 27 implants placed for mandibular reconstruction after tumor resection. Overall, all
DBF and VDOF procedures were successful for group A and group B. VBH for group A and
group B were 20 and 17 mm. There was no statistically significant difference of mSBI scores
between group A and group B in the 3-year follow-up (P = 0.40). In four cases with eight
implants of group A and two cases with three implants of group B, granulomatous soft tissue
grew. There was no statistically significant differences of MBL between group A and group B in
the 3-year follow-up (p = 0.736). The cumulative survival and success rates of implants for group
A were 100% and 87.5%, and for group B were 100% and 85.2% in 3-year follow-up,
respectively.
Conclusions: On the basis of the study of 19 patients who received a total of 51 implants,
reconstruction of the mandible with DBF flap or VDOF flap, combined with dental implant
therapy, was considered a predictable option. Compared with implants placed in VDOF bone,
implants placed in DBF bone had a relative higher incidence of associated gingival inflammation.
The DBF bone seems more resistant to peri-implant resorption processes than VDOF bone during
functional loading.
Over the past 20 years, the fibular free flap
technique has become a routine procedure for
the functional reconstruction of the mandible
to correct mandibular continuity defects that
are caused by tumors resection (Sieg et al.
2002). The most common problem encoun-
tered with this method is the insufficient bone
height of the fibula, which results in a gap
between the bone margin and the occlusal
plane, in particular, in patients treated by par-
tial resection of the mandible with residual
dentition on the healthy side (Frodel et al.
1993; Moscoso et al. 1994; Matsuura et al.
1999; Anne-Ga€elle et al. 2011).
The height discrepancy between native
bone and graft fibula makes it less likely for
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prostheses to achieve a desirable implant-to-
crown ratio and increases the difficulty in
maintaining adequate oral hygiene and nega-
tively affects the profile of the lower border
of the reconstructed mandible (Chiapasco
et al. 2006). Various methods, such as the
“double-barrel fibula” (DBF) technique, on
lay grafting and distraction osteogenesis
(DO), have been introduced to address this
problem (Levin et al. 2003; Bilbao et al.
2009).
The vascularized DBF technique was first
used by B€ahr et al. in 1998; and this technique
achieved greater bone height and shortened
the vertical distance to the occlusal plane.
Mandibular defects shorter than 9.0 cm can be
bridged by the double-barrel technique with
the available fibula length (B€ahr et al. 1998;
Guerra et al. 2000; He et al. 2011). Addition-
ally, limited studies report positive results of
placing dental implants in vascularized DBF
bone to achieve functional mandibular recon-
struction (Chang et al. 2008, 2011; He et al.
2011). DO was another alternative to increase
bone height by the creation of neoformed bone
and adjacent soft tissue and was initially used
in cases of vertical defect of edentulous jaws
to improve bone volume for dental implant
placement in 1996 (Chin & Toth 1996). It has
become a widely known and effective tech-
nique to gain sufficient alveolar bone height in
alveolar ridge atrophy. With this approach,
bone gain in different parts of the jaws can be
achieved from 8 to 10 mm (Rocchietta et al.
2008). Because of the predictable performance
of DO in native bone, a few studies have
focused on vertical distraction osteogenesis of
fibula (VDOF) for attaining sufficient alveolar
bone height before implant therapy; positive
results were achieved in optimizing the
implant position for ideal prosthetic rehabili-
tation (Siciliano et al. 1998; Chiapasco et al.
2000; Nocini et al. 2000; Marchetti et al.
2002). Although clinical data have demon-
strated that bone grafting and placement of
dental endosseous implants are widely
accepted therapeutic options for reconstructing
edentulous areas of the jaw following resective
jaw surgery, there is limited information avail-
able on the clinical outcomes of dental
implants in DBF and VDOF for mandibular
reconstruction.
The purpose of this study was to evaluate
the effectiveness of DBF and VDOF associated
with dental implant treatment for mandibular
reconstruction after tumor resection. Implants
were restored, and treatment outcomes were
measured through implant survival, implant
success, bone resorption, and complications
associated with DBF and VDOF.
Material and methods
Patients
The medical charts of patients who had been
treated between March 2006 and May 2008
were reviewed. Patients were selected to par-
ticipate if their clinical condition met the fol-
lowing inclusion criteria: (i) diagnosis of
mandibular cyst or benign tumor, (ii) the
presence of mandibular defect <9 cm in
length; (iii) good oral hygiene without active
periodontal disease; (iv) desire to have
implant-supported fixed prostheses. Patients
were excluded from participating if the
following criteria were met: (i) overall general
poor prognosis or systematically compro-
mised health; (ii) current heavy smoker (>15
cigarettes per day); (iii) uncontrolled diabetes.
The study protocol was approved by the
ethics committee of the Ninth People’s
Hospital affiliated with Shanghai Jiao Tong
University, School of Medicine.
Group A: surgery and implant treatment for
DBF patients
Reconstruction was performed for patients
during the same surgery after a resection of
the tumor in the mandible under general anes-
thesia. Fibula flap harvest proceeded simulta-
neously with the resection procedure as
described previously by (He et al. 2011; Shen
et al. 2012). The harvested fibula was then os-
teotomized into several segments to fit the
mandibular defect. Before the surgery, a resin
template had been made based on comput-
erized tomographic data. The original man-
dibular contour was maintained by a
reconstruction plate system (Synthes, Bett-
lach, Switzerland) according to the template;
the lower layer of the fibula was fixed by the
reconstruction plate to the lower border of the
residual mandible, and miniplates were used
for osteosynthesis between the upper layer of
the fibula segments and the upper border of
the residual mandible. Microvascular anasto-
moses were performed by magnifying optics.
Dental implants (Straumann, Basel,
Switzerland) were placed in DBF bone under
local anesthesia by one clinician after the heal-
ing of revascularized DBF flap. Panoramic
radiographs and/or computed tomographic
(CT) scans were taken before implant place-
ment. Anti-inflammatory agents, amoxicillin
(500 mg, four times a day for 7 days), and met-
ronidazole (400 mg, three times a day for
7 days) were prescribed post-operatively. A
0.12% chlorhexidine oral rinse was also pre-
scribed for 60 s with a frequency of 5–6 times a
day for 14 days. All of the implants were
observed for a healing period of 3–5 months
before impressions were taken. Dental
implants were restored with screw-retained
fixedmetal ceramic prostheses (Fig. 1).
Group B: surgery and implant treatment for
VDOF patients
Patients were treated by resection of the tumor
in the mandible under general anesthesia.
Reconstruction was performed simultaneously
in the operation with a free revascularized fibu-
lar flap. After anastomosis, the fibular bone
was segmentalized vertically to follow the
contour of the mandible and was fixed with
titanium plates. Following the contour of the
mandible, some patients underwent DO
device fixation procedures at the same surgery.
The bone segment to be vertically distracted
was completely separated from the basal bone.
The bone pedicle was connected to the lingual
vessel-periosteum after horizontal osteotomy
of the fibula. The DO devices (Cibei Medical
Corporation, Ningbo, China; Yinghao Timing,
Shanghai, China) were fixed to both the basal
bone and the osteotomized segments by mi-
croplates and screws. The number of DO
devices was determined by the size of defect,
in general for partial mandible with deficiency
distance of <10 mm, two sets of DO were
used. Closure of intra- and extraoral wounds
was then performed. After a 7-day period, the
distraction was activated at a rate of 0.7 mm
per day. After 14 days, the desired bone
height (approximately 10 mm) was obtained.
A solidation period of 8–12 weeks followed to
obtain adequate maturation of the callus
formed between the basal bone and the dis-
tracted segment (Zhang et al. 2012).
Panoramic radiographs and/or computed
tomography (CT) scans were taken after the
consolidation period to ensure that an ade-
quate quality and quantity of bone was avail-
able for dental implant placement. The
implants were placed in these distracted areas
under local anesthesia by one clinician after a
consolidation period for the DO procedure.
The post-operative medications for patients
in group B were the same as for group A
patients. After osseointegration was achieved,
the same procedures for prostheses delivery
described for group A were followed. The DO
devices with osseointegration were left as
implants to support fixed prostheses (Fig. 2).
All patients of group A and group B were
instructed to use a sonic toothbrush (sonic
toothbrush; Philips, Bothell, WA, USA) and a
dental water jet to maintain adequate oral
hygiene.
Outcome assessment
The follow-up examination was performed
according to a standardized protocol, which
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included a clinical examination and radio-
graphic evaluations (panoramic radiographs)
after delivery of the final prosthesis and
annually thereafter.
Implant stability quotient
After the implants were placed, resonance fre-
quency analysis (RFA, Osstell, Integration
Diagnostics, Savadaled, Sweden) was used to
measure the implant stability quotient (ISQ;
Glauser et al. 2004). The transducer was hand-
screwed into the implant body, as recom-
mended by the manufacturer. Each measure-
ment was taken twice (at the mesial, distal,
buccal, and lingual aspects). These measure-
ments were repeated when the impressions
were taken and were performed by one observer.
Vertical bone height
Vertical bone height (VBH) for group A was
taken from panoramic radiographs after implant
placement. The distance between the upper
margin of the alveolar ridge and the lower
aspect of basal bone were measured around each
implant. Dimensional distortion between the
different panoramic radiographs was corrected
with the actual implant dimensions.
Vertical bone height for group B was mea-
sured on panoramic radiographs immediately
after the end of the distraction procedure. The
linear measurements between the upper mar-
gin of the alveolar ridge and the lower aspect of
basal bone were taken from panoramic radio-
graphs. Measurements were performed mesial
and distal to the implants in group A and dis-
traction devices in group B. These measure-
ments were performed twice by one observer.
Peri-implant clinical parameters
Modified Plaque Index (mPI) was measured at
four points around the implants according to
the following scale: 0, no plaque; 1, plaque
on probing; 2, visible plaque; and 3, abundant
plaque. For each implant, one MPI value was
calculated based on the average of the four
obtained values (Mombelli & Lang 1994).
Modified Sulcus Bleeding Index (mSBI) was
measured at four surfaces around the
implants. The mSBI was scored as follows:
0 = no bleeding when a periodontal probe was
passed along the gingival margin adjacent to
the implant, 1 = visible, isolated bleeding
spots, 2 = blood formed a confluent red line on
the margin, and 3 = heavy or profuse bleeding.
For each implant, one mSBI value was calcu-
lated based on the average of the four obtained
values ((Mombelli & Lang 1994).
Modified Plaque Index and mSBI measure-
ments were recorded by a single experienced
clinician using a plastic probe with a stan-
dardized probing force of 0.2 N.
Radiographic assessment of peri-implant bone
resorption
Peri-implant bone resorption was recorded by
comparing panoramic radiographs taken after
implant placement, at the time of prosthesis
delivery, and at the follow-up. All of the pano-
ramic images were scanned by one operator
and transferred to a computer with an image
analysis programme (GE Healthcare Centric-
ity@ v3.0, Pitttsburgh, PA, USA).
To perform accurate measurements and
minimize the magnification factor inherent
within panoramic radiographs, a calibration
procedure based on the known implant
length was performed prior to measurements
being taken. Measurements between the top
of the implant head shoulder and the most
coronal level of the direct bone-to-implant
contact were made mesial and distal to each
implant. Finally, the vertical peri-implant
(a) (b)
(c) (d)
(e) (f)
(g) (h)
Fig. 1. (a) Panoramic radiograph showing the lesion affecting the mandibular body and the left ramus; (b) Panoramic
radiograph after the tumor resection and reconstruction with DBF graft; (c) Adequate occlusal space and uneventful
soft tissue healing available before implant placement; (d) Two Straumann implants were placed; (e) Panoramic
radiograph immediately after implant placement; (f) The clinical status showing favorable soft tissue healing at the
time of impression taken; (g) Buccal view of the prostheses; (h) Panoramic radiograph after 12 months of loading
with limited peri-implant bone resorption. DBF, double-barrel fibula.
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bone resorption values were calculated as fol-
lows: (Perez-Sayans et al. 2008)
Real bone deficit ¼
Actual implant length
Radiologic bone deficit
Radiologic implant length
The measurements were taken by two
examiners, and the interexaminer reliability
was assessed to ensure the accuracy of the
measurements using intraclass correlation
coefficient correlation test.
Implant success rates
The implant prognostic criteria were previ-
ously described by Albrektsson and Zarb.
Briefly, implants were termed “successful” if
the following criteria were met: the absence
of mobility, the absence of paresthesia and/or
pain, the absence of peri-implant pathosis or
radiographic radiolucencies, and marginal
bone loss <1 mm during the first year and
<0.2 mm/year in the following years (Al-
brektsson et al. 1986).
Statistical analysis
Statistical analysis was performed by means
of a SAS statistical package (SAS 9.3, SAS
Institute Inc., Cary, NC, USA). Descriptive
statistical analyses of peri-implant hygienic
parameters and marginal bone level (MBL)
were performed using the mean of the distri-
bution, the standard deviation, the median,
the minimum and the maximum. The nor-
mal distribution of the data was tested. A
nonparametric mixed model was applied to
compare the quantitative dependant variables
(ISQ, MBL) and categorical-dependant data
(mPI, mSBI) in the study. The level of statis-
tical significance was set at P = 0.05.
Results
In a 3-year period (2006–2008), nine patients
(six men and three women, aged between 28
and 55 years, mean age 41.1  8.7 years)
received DBF, and 10 patients (six men and
four women, aged between 28 and 53 years,
mean age 43.4  7.4 years) received VDOF for
mandibular reconstruction after tumor resec-
tion. Eight patients were enrolled who had
either recurrent keratocysts after initial curet-
tage therapy or keratocysts with soft tissue
infiltration. The mean follow-up is
42.5  4.4 months after final prosthesis deliv-
ery. The final implant-supported prostheses
were restored at the Unit of Oral-maxillofacial
Surgery and the Unit of Oral Implantology,
Shanghai 9th People’s Hospital, China. In all
patients in groups A and B, microvascular fib-
ula transfers were successful.
In group A, a total of 24 implants were
placed in DBF bone (Table 1). One patient
(No. 2) received four implants simulta-
neously at the time of the reconstruction
surgery. The other 20 implants were placed
in eight patients using a two-staged proce-
dure whereby implants were placed following
adequate healing (4–7 months, average
5.3 months) from the initial reconstructive
surgery. One of the implants in patient No. 2
was left to “sleep” and not restored due to it
being malpositioned buccally.
In group B, following the contour of the
mandible in reconstructive surgery, eight
patients underwent VDOF procedures. The
other three patients received DO procedures
after tumor resection and simultaneous
(a) (b)
(c) (d)
(e) (f)
(g) (h)
Fig. 2. (a) Panoramic radiograph showing the lesion affecting the mandibular body; (b) Panoramic radiograph right
after fibular flap transfer and distraction device fixation; (c) Three-dimensional CT scan immediately after complet-
ing the VDOF procedure; (d) Panoramic radiography showing adequate bone available after the VDOF procedure; (e)
Dental implants placement in VDOF bone and uneventful soft tissue healing available around implants; (f) Pano-
ramic radiograph at the time of impression taken, showing good osseointegration of the two implants; (g) Buccal
view of the prostheses, one of the DO devices with osseointegration combined with implants to withstand denture
force; (h) Panoramic radiograph after 12 months of loading with limited peri-implant bone resorption. VDOF, verti-
cal distraction osteogenesis of fibula; DO, distraction osteogenesis; CT, computed tomographic.
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reconstructive surgery. The mean interval
between the reconstruction and DO fixation
surgery was 7 months (5–11 months). Major
complications associated with DO procedures
did not occur in group B. However, a few
complications were observed in the DO pro-
cedure. Patient No. 2 had lingual tilting of
the distracted segment. The transport seg-
ment was mobilized, and the distraction vec-
tor of the distraction rod was realigned under
local anesthesia. In patient no. 3 of group B,
wound dehiscence developed 8 days after sur-
gery. The patient was then put on a regimen
of rinsing with a chlorhexidaine four times a
day until the dehiscence healed within
2 weeks. Distraction was continued in these
two patients with no compromise of bone
regeneration.
A total of 27 implants were placed in verti-
cal DO bone following a healing (4–6 months,
average 5.1 months) after solidation period
(Table 1). One patient was restored by com-
bining two implants in the DO bone with two
implants in the native bone. Ten sets of DO
devices for which there was no detectable clin-
ical mobility or bone resorption were kept in
place. These were combined with regular
implants to withstand denture force.
After implant placement surgery, in all
patients of group A and group B, healing pro-
ceeded without complications and with mini-
mal post-operative discomfort. During
3 years of the clinical evaluation, there were
no patients lost to follow-up.
ISQ
The RFA at implant placement for group A
showed a mean ISQ of 78.0  7.1. After the
osseointegration period, all implants were sta-
ble, and the mean ISQ was 77.2  6.0 for the
implants. There was no significant difference
in the ISQ values between the time of implant
insertion and following the integration period,
when impressions were made (P = 0.51).
For patients in group B, the mean ISQ at
the time of implant placement was
69.4  5.3. Following the osseointegration
period, the mean ISQ values increased to
73.2  6. There was a significant difference
in the RFA measurements between the time
of implant insertion and when the impres-
sions were made (P < 0.01).
Although ISQ values recorded immediately
after implant placement for both groups A
and B indicate good primary stability of
implants, there was a significant difference
between implants placed in group A (DBF
bone) relative to that in group B (VDOF bone;
P < 0.01). Additionally, following the osseo-
integration period, the ISQ was higher for
group A than group B and had statistically
significant difference (P < 0.01).
Vertical bone gained (VBH)
The average VBH was 20 mm (18–23 mm) for
group A and was 17 mm (16–20 mm) for group
B. The measurement of VBH for group B could
not be performed in three patients due to
superimposition of the titanium plates, and
DO devices seen on the images from the pano-
ramic radiographs. Overall, there was a stable
increase in VBH in both groups that enabled
placement of dental implants.
Peri-implant clinical parameters
mPI
Table 2 shows the mean, the median, the min-
imum, and the maximum of mPI (%) values at
prosthesis delivery and at 1-, 2-, and 3-year fol-
low-ups for groups A and B. The mean mPI
(%) values at 1 and 3 years after prosthesis
Table 1. Clinical features of patients
Patient no. Sex Age Tumor type
Surgery
site
No. of
inserted
implants
Implant
site
Implant
dimensions
Group A
1 M 32 Ameloblastoma 43–47 3 43
45
46
4.1 9 14
4.1 9 14
4.1 9 14
2 M 38 Ameloblastoma 32–37 4 33
35
36
37
4.1 9 12
4.1 9 14
4.1 9 14
4.1 9 14
3 M 45 Keratocyst 34–37 2 34
36
4.1 9 12
4.1 9 14
4 M 52 Ameloblastoma 31–37 4 32
34
36
37
4.1 9 12
4.1 9 14
4.1 9 14
4.1 9 14
5 F 43 Ameloblastoma 47 1 47 4.1 9 14
6 M 55 Ameloblastoma 32–37 3 33
35
36
4.1 9 14
4.1 9 14
4.1 9 14
7 M 40 Keratocyst 34–37 2 34
36
4.1 9 14
4.1 9 14
8 F 37 Keratocyst 34–37 2 34
36
4.1 9 14
4.1 9 14
9 F 28 Keratocyst 33–37 3 34
35
36
4.1 9 14
4.1 9 14
4.1 9 12
Mean  SD 41.1  8.7 2.7  1.0
Group B
1 F 48 Ameloblastoma 43–47 3 43
45
46
4.1 9 12
4.1 9 14
4.1 9 14
2 M 45 Keratocyst 32–37 3 33
35
36
4.1 9 14
4.1 9 14
4.1 9 14
3 M 53 Ameloblastoma 35–45 2 33
43
4.1 9 14
4.1 9 14
4 F 28 Keratocyst 32–37 3 33
35
36
4.1 9 14
4.1 9 14
4.1 9 12
5 M 36 Ameloblastoma 37–43 3 33
36
43
4.1 9 14
4.1 9 14
4.1 9 12
6 F 45 Keratocyst 32–37 3 33
34
36
4.1 9 14
4.1 9 14
4.1 9 14
7 M 43 Keratocyst 32–37 3 33
35
36
4.1 9 14
4.1 9 14
4.1 9 12
8 M 52 Ameloblastoma 33–47 3 33
43
36
4.1 9 14
4.1 9 14
4.1 9 12
9 F 43 Ameloblastoma 33–37 2 33
36
4.1 9 14
4.1 9 14
10 M 41 Ameloblastoma 35–37 2 35
37
4.1 9 14
4.1 9 14
Mean  SD 43.4  7.4 2.7  0.5
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delivery were 13.0 and 14.8, respectively, in
group A and 12.5 and 25.0, respectively, in
group B. A P value of 0.06 was detected within
group A and group B in 1-year and 3-year fol-
low-ups.
mSBI
In groups A and B, the peri-implant soft tis-
sues appeared healthy which corresponded
with mean mSBI values of 0.2 and 0.4,
respectively, at the time of prosthesis deliv-
ery. The mean mSBI values at 1-, 2-, and 3-
year follow-ups were 0.5, 1.0, and 1.2, respec-
tively, in group A. There was a significant
difference in the mSBI between 1- and 3-year
follow-ups in group A (P < 0.01).
In group B, the mean mSBI was 0.7 at 1-
year follow-up and at the end of the 3-year
follow-up period, the mean mSBI was 0.8. No
significant difference in the mSBI was
observed during the follow-up period
(P = 0.71). There was no significant difference
in mSBI scores between groups A and B in
the 3-year follow-up period (P = 0.40;
Table 2).
In four cases with eight implants of group
A and two cases with three implants of group
B, granulomatous soft tissue was present and
associated with bleeding and pain at the
1- and 2-year follow-ups. The soft tissue was
removed around these 11 implants with an
Er/YAG laser (Key Laser 3 Perio, KaVo, Bibe-
rach, Germany) under local anesthesia. Fol-
lowing this treatment, patients received
individualized oral hygiene instructions.
However, the granulomatous tissue of five
implants in group A and 2 implants in group
B reappeared 5–8 months later. In these
cases, degranulation of this tissue was again
performed around the implants in conjunc-
tion with free gingival grafts from tissue har-
vested from the palate. At the last clinical
examination, there were no signs of mobility,
suppuration or active peri-implant lesions
around these implants.
Radiographic assessment of peri-implant bone
resorption
Table 3 shows the peri-implant bone resorp-
tion for the subjects of group A and group B
at the follow-up appointments. When the
peri-implant bone loss data were analyzed for
group A and group B, significant differences
were detected between years 1 and year 3 for
both groups (P = 0.022). No statistically sig-
nificant differences were found in this study
between groups A and B (P = 0.736).
Table 4 shows the frequency distribution of
the peri-implant bone changes around the
implants. Three of 24 implants in group A and
four of 27 implants in group B presented peri-
implant bone resorption values higher than
standard values used as criteria for implant
success. Thus, cumulative survival and suc-
cess rates of implants placed in group A at the
end of the follow-up period were 100% and
87.5%, respectively. In group B, survival and
success rates were 100% and 85.2%, respec-
tively. There was no difference in implant suc-
cess rates between groups A and B.
Discussion
Oral rehabilitation using dental implants in
fibula transplants has been frequently used
following reconstruction of the lower jaw and
has proven to be a reliable method (Taylor
et al. 1989; Hidalgo 1989). However, this
method may produce a height discrepancy
between the native mandible and the grafted
bone that leads to subsequent problems such
as facial esthetics and denture rehabilitation
(Frodel et al. 1993; Moscoso et al. 1994). As
the longest bone that can be transferred by
microsurgical techniques, the fibula has the
advantage of periosteal blood supply that
makes it possible for several osteotomies in
the reconstruction surgery (Klesper et al.
2000). After the introduction of the technique
of “double-barrel fibula bone” in 1990s, it
was demonstrated to be a safe and reliable
method to esthetically and functionally
reconstruct mandibular defects following
tumor resection (Chang et al. 2008, 2011; He
et al. 2011)). However, it has been reported
that bridging of mandibular defects longer
than 9.0 cm is very challenging with the dou-
ble-barrel technique due to the limitations of
fibula length (B€ahr et al. 1998; Guerra et al.
2000; Klesper et al. 2000; He et al. 2011).
Distraction osteogenesis is defined as the
creation of neoformed bone and adjacent soft
tissue after the gradual and controlled dis-
placement of a bone fragment obtained from
a surgical osteotomy. Histologic results have
demonstrated that DO enables the formation
of adequate quality and quantity of bone tis-
sue, which could provide primary stability
for implants and allow the loaded implants
to withstand their biomechanical demands
(Siciliano et al. 1998; Raghoebar et al. 2002).
Histologic analysis of bone core biopsies from
vertically distracted fibula in mandibular
reconstruction confirmed that the distracted
area was filled with newly formed bony tra-
beculae between the transported fibula and
the basal segments (Cheung et al. 2013).
In our case series, DBF and VDOF were used
in patients with multicystic ameloblastoma
and keratocysts. Mandibular keratocysts,
especially large keratocysts, were generally
first treated with a less-invasive technique,
such as marsupialization. However, for some
ineffective or recurrent cases or with soft tis-
sue infiltration, segmental mandibulectomy
with DO reconstruction or DBF graft was per-
formed.
Table 2. Peri-implant hygienic parameters (group A and group B) at prosthesis delivery and fol-
low-up
Prosthesis delivery 1 year 2 year 3 year
Group A
(n = 24)
Group B
(n = 27)
Group A
(n = 24)
Group B
(n = 27)
Group A
(n = 24)
Group B
(n = 27)
Group A
(n = 24)
Group B
(n = 27)
mPI (%)
Mean 10.4 11.1 12.5 13.0 20.8 14.8 25.0 14.8
Median 0 0 0 0 25 0 25 25
Min 0 0 0 0 0 0 0 0
Max 50 50 50 50 75 50 75 50
mSBI
Mean 0.2 0.4 0.5 0.7 1.0 0.8 1.2 0.8
Median 0 0.25 0 0.5 0.5 0.5 1.0 0.5
Min 0 0 0 0 0 0 0 0
Max 1 1 2 2 3 2 3 3
Table 3. Means, standard deviations, and ranges of peri-implant bone resorption (group A and
group B) at follow-up
Peri-implant
bone resorption
(mm)
1 year 2 year 3 year
Group A
(n = 24)
Group B
(n = 27)
Group A
(n = 24)
Group B
(n = 27)
Group A
(n = 24)
Group B
(n = 27)
Mean 0.42 0.51 0.58 0.65 0.68 0.71
SD 0.46 0.61 0.70 0.56 0.60 0.65
Median 0.52 0.50 0.45 0.58 0.62 0.70
Min 0 0 0 0.4 0 0.3
Max 2.0 2.2 2.3 2.4 2.7 2.6
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Resonance frequency analysis is a modality
extensively used in clinical research to moni-
tor implant stability due to its high reproduc-
ibility (Aparicio et al. 2006). In this study,
implants in patients of group B showed ISQ
values >64 at implant placement, indicative
of good primary stability. Following the
osseointegration phase of adaptative bone
remodeling around the implants, the ISQ of
73.2  6.2 in group B indicated that second-
ary stability was also achieved. In group A,
the mean ISQ was 78.0  7.1 at implant
placement, which was significantly higher
than that in group B. This could be explained
in part due to 12 and 14 mm implants being
placed which provides good anchorage in the
grafted fibula bone. Chiapasco & Gatti (2004)
reported in a case series that due to excellent
primary stability for implants placed in
grafted fibula bone, immediate loading of the
implants was achievable.
There was only 1 patient in group A who
received implants placed simultaneously at
the time of reconstructive surgery. Chang
et al. (2003) pointed out that simultaneous
placement of dental implants in fibula grafts
at the time of microvascular free tissue
transfer affords better flexibility for re-creat-
ing an accurate interarch relationship with a
simplified technique. However, immediate
placement of the implants may compromise
bone viability, lengthen the operative proce-
dure or result in implant malposition (Disa
et al.1999). We found it was considerably dif-
ficult to place implants in an ideal position
in grafted fibula bone during primary inser-
tion, even with the use of a surgical tem-
plate. Furthermore, because of the minor gap
between native bone and the grafted fibular
bone and fixation plates, some implants
could not be positioned with the ideal spac-
ing in proximity to adjacent natural teeth,
leading to long cantilevers as part of the pros-
thesis.
In the present study, the keratinized
attached mucosa was removed after the
tumor resection for both groups. The skin pad-
dle and oral mucosa were used to reconstruct
the intraoral lining for group A patients. In
two patients of group A, palatal mucosal
grafts were utilized at the second-stage
implant surgery to surround and seal the
implants. The first measure to avoid hyper-
trophy is to thin the soft tissues of the flap
during grafting (Anne-Ga€elle et al. 2011). So
we improved the design of the free vascular-
ized fibula flap by not using a skin paddle
and by decreasing the thickness of the soft
tissue for six patients in group B. Oral
hygiene instructions, which included the use
of a sonic toothbrush and a dental water jet
for daily maintenance, were given to all of
the patients. Instead of using a traditional
design, we used one that left sufficient space
around the implants for the interdental
brushes to provide effective plaque control in
the marginal areas.
At prosthesis delivery and 1-year follow-up,
the low mean plaque levels (<20%) indicated
a good level of oral hygiene for groups A and
B. However, mPI and mSBI of group A
increased to 25% and 1.2 at 3-year follow-up.
In 1- and 2-year follow-ups, we observed that
four patients with eight implants in group A
and two patients with three implants in
group B exhibited an inflammatory response
of the peri-implant mucosal tissue and for-
mation of granulomatous tissue around the
implants, particularly on the lingual surfaces.
A similar tissue response in these types of
cases has been described by others (Chang
et al. 2008; Ciocca et al. 2008; Wu et al.
2008). It has been suggested that the extraoral
derived soft tissues around these implants is
not suitable and might respond adversely in
the oral environment due to the inadequate
integrity of the peri-implant attachment
apparatus (Chiapasco et al. 2006; Chang et al.
2008). Other considerations include pros-
thetic designs and anatomical limitations
created following these procedures (i.e., high
level of the floor of the mouth), which could
cause difficulties in maintaining adequate
oral hygiene. Additionally, the soft tissue
coverage of group A was often thicker
(because of the fibula osteoseptocutaneous
flap) leading to relatively deeper probing
depths. The thick soft tissue around implants
was very different than that of normal
healthy gingiva and more mobile than the
attached gingiva of the oral mucosa, proving
less conducive to oral hygiene. For this rea-
son, probing depths measures normally a part
of any implant assessment were not used in
the evaluation between group A and group B
(Blake et al. 2008).
Although the incidence of the peri-implant
inflammatory response in group A (8/24) was
higher than that in group B (3/27), there was
no significant difference of marginal bone
loss between groups A and B at 3-year fol-
low-up. No implant was removed due to
excessive bone loss. It has been demonstrated
previously that the fibular bone graft can be
resistant to bone resorption (Chiapasco et al.
2006; Gbara et al. 2007; Chang et al. 2008).
In our study, despite having a higher
incidence of a peri-implant inflammatory
response, patients who received the double
fibula graft (group A) were more resistant to
crestal bone resorption over time.
An important consideration of our study is
that due to anatomical limitations post-resec-
tive and recontructive surgery (i.e., high floor
of the mouth), standardized periapical radio-
graphs could not be obtained in the majority
of patients, As such, we used panoramic
radiographs to assess peri-implant bone
resorption, as has been described by others.
To most accurately measure in this way,
eliminating the magnification inherent
within panoramic radiography, a calibration
procedure based on the known implant
length was performed (Gbara et al. 2007;
Perez-Sayans et al. 2008). Nonetheless, mea-
surement error from panoramic radiographs
could still be a limitation of our evaluation.
Conclusion
On the basis of the study of 19 patients who
received a total of 51 implants the following
observations were made:
The reconstruction of the mandible with
DBF flap or VDOF flap, in combination with
dental implant therapy, was considered a
valuable and predictable treatment option for
patients following tumor resective surgery.
Compared with implants placed in VDOF
bone, implants placed in DBF bone had a rel-
ative higher incidence of a peri-implant
inflammatory response. Finally, DBF bone
was more resistant to peri-implant bone
resorption processes than VDOF bone during
functional loading.
Table 4. Frequency distribution of peri-implant bone resorption (group A and group B) at prosthe-
sis delivery and follow-up
Peri-implant
bone resorption
(mm)
1 year 2 year 3 year
Group A
(n = 24)
Group B
(n = 27)
Group A
(n = 24)
Group B
(n = 27)
Group A
(n = 24)
Group B
(n = 27)
<0.5 11 13 15 16 18 16
0.5–1.0 9 11 5 6 1 4
1.0–1.5 3 2 0 2 1 1
1.5–2.0 0 0 3 1 1 2
2.0–2.5 1 1 1 2 2 3
>2.5 0 0 0 0 1 1
© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 163 | Clin. Oral Impl. Res. 26, 2015 / 157–165
Wang et al Comparative analysis of dental implant treatment
Acknowledgements
This study was supported by the Cross
Research Fund of Biomedical Engineering of
Shanghai Jiao Tong University (Grant No.
YG2012MS32) , the National Natural Science
Foundation of China (81371190) and Science
and Technology Commission of Shanghai
Municipality (13ZR1424000). We appreciate
the statistical support from Pro. Naiqing
Zhao (School of Public Health, FuDan Uni-
versity, China) for data management.
References
Albrektsson, T., Zarb, G., Worthington, P. & Eriks-
son, A.R. (1986) The long-term efficacy of cur-
rently used dental implants: a review and
proposed criteria of success. The International
Journal of Oral & Maxillofacial Implants 1: 11–
25.
Anne-Ga€elle, B., Samuel, S., Julie, B., Renaud, L. &
Pierre, B. (2011) Dental implant placement after
mandibular reconstruction by microvascular free
fibula flap: current knowledge and remaining
questions. Oral Oncology 47: 1099–1104.
Aparicio, C., Lang, N.P. & Rangert, B. (2006) Valid-
ity and clinical significance of biomechanical
testing of implant/bone interface. Clinical Oral
Implants Research 17(Suppl 2): 2–7.
B€ahr, W., Stoll, P. & Wachter, R. (1998) Use of the
“double barrel” free vascularized fibula in man-
dibular reconstruction. Journal of Oral and Max-
illofacial Surgery: Official Journal of the
American Association of Oral and Maxillofacial
Surgeons 56: 38–44.
Bilbao, A., Oliveira, M.H., Varela-Centelles, P.I. &
Seoane, J. (2009) Assessment of dental implant
stability in osseodistraction-generated bone: a res-
onance frequency analysis. Clinical Oral
Implants Research 20: 772–777.
Blake, F., Bubenheim, M., Heiland, M., Pohlenz, P.,
Schmelzle, R. & Gbara, A. (2008) Retrospective
assessment of the peri-implant mucosa of
implants inserted in reanastomosed or free bone
grafts from the fibula or iliac crest. The Interna-
tional Journal of Oral & Maxillofacial Implants
23: 1102–1108.
Chang, Y.M., Chana, J.S., Wei, F.C., Shen, Y.F.,
Chan, C.P. & Tsai, C.Y. (2003) Use of waxing
screws for accurate primary placement of
endosteal implants in the vascularized fibular
bone-reconstructed mandible. Plastic and Recon-
structive Surgery 111: 1693–1696.
Chang, Y.M., Tsai, C.Y. & Wei, F.C. (2008) One-
stage, double-barrel fibula osteoseptocutaneous
flap and immediate dental implants for functional
and aesthetic reconstruction of segmental man-
dibular defects. Plastic and Reconstructive Sur-
gery 122: 143–145.
Chang, Y.M., Wallace, C.G., Tsai, C.Y., Shen, Y.F.,
Hsu, Y.M. & Wei, F.C. (2011) Dental implant
outcome after primary implantation into dou-
ble-barreled fibula osteoseptocutaneous free
flap-reconstructed mandible. Plastic and Recon-
structive Surgery 128: 1220–1228.
Cheung, L.K., Chua, H.D.P., Hariri, F., Pow, E.H.N.
& Zheng, L. (2013) Alveolar distraction osteogen-
esis for dental implant rehabilitation following
fibular reconstruction: a case series. Journal of
Oral and Maxillofacial Surgery: Official Journal
of the American Association of Oral and Maxil-
lofacial Surgeons 71: 255–271.
Chiapasco, M., Biglioli, F., Autelitano, L., Romeo,
E. & Brusati, R. (2006) Clinical outcome of dental
implants placed in fibula-free flaps used for the
reconstruction of maxillo-mandibular defects fol-
lowing ablation for tumors or osteoradionecrosis.
Clinical Oral Implants Research 17: 220–228.
Chiapasco, M., Brusati, R. & Galioto, S. (2000) Dis-
traction osteogenesis of a fibular revascularized
flap for improvement of oral implant positioning
in a tumor patient: a case report. Journal of Oral
and Maxillofacial Surgery: Official Journal of the
American Association of Oral and Maxillofacial
Surgeons 58: 1434–1440.
Chiapasco, M. & Gatti, C. (2004) Immediate load-
ing of dental implants placed in revascularized
fibula free flaps: a clinical report on 2 consecutive
patients. The International Journal of Oral &
Maxillofacial Implants 19: 906–912.
Chin, M. & Toth, B.A. (1996) Distraction osteogen-
esis in maxillofacial surgery using internal
devices: review of five cases. Journal of Oral and
Maxillofacial Surgery: Official Journal of the
American Association of Oral and Maxillofacial
Surgeons 54: 45–53; discussion 54.
Ciocca, L., Corinaldesi, G., Marchetti, C. & Scotti,
R. (2008) Gingival hyperplasia around implants in
the maxilla and jaw reconstructed by fibula free
flap. International Journal of Oral and Maxillofa-
cial Surgery 37: 478–480.
Disa, J., Hidalgo, D., Cordeiro, P., Winter, R. &
Thaler, H. (1999) Evaluation of bone height in
osseous free flap mandible reconstruction: an
indirect measure of bone mass. Plastic Recon-
structive Surgery 103: 1371–1377.
Frodel, J.L. Jr, Funk, G.F., Capper, D.T., Fridrich,
K.L., Blumer, J.R., Haller, J.R. & Hoffman, H.T.
(1993) Osseointegrated implants: a comparative
study of bone thickness in four vascularized bone
flaps. Plastic and Reconstructive Surgery 92: 449–
455; discussion 456–458.
Gbara, A., Darwich, K., Li, L., Schmelzle, R. &
Blake, F. (2007) Long-term results of jaw recon-
struction with microsurgical fibula grafts and
dental implants. Journal of Oral and Maxillofa-
cial Surgery: Official Journal of the American
Association of Oral and Maxillofacial Surgeons
65: 1005–1009.
Glauser, R., Sennerby, L., Meredith, N., Ree, A.,
Lundgren, A., Gottlow, J. & Hammerle, C.H.
(2004) Resonance frequency analysis of implants
subjected to immediate or early functional occlu-
sal loading. Successful vs. failing implants. Clini-
cal Oral Implants Research 15: 428–434.
Guerra, M.F., Gias, L.N., Campo, F.J., Perez, J.S., de
Artinano, FO & , Gonzalez, FJ. (2000) The partial
double-barrel free vascularized fibular graft: a
solution for long mandibular defects. Plastic and
Reconstructive Surgery 105: 1902–1903.
He, Y., Zhang, Z.Y., Zhu, H.G., Wu, Y.Q. & Fu,
H.H. (2011) Double-barrel fibula vascularized free
flap with dental rehabilitation for mandibular
reconstruction. Journal of Oral and Maxillofacial
Surgery: Official Journal of the American Associ-
ation of Oral and Maxillofacial Surgeons 69:
2663–2669.
Hidalgo, D.A. (1989) Fibula free flap: a new method
of mandible reconstruction. Plastic and Recon-
structive Surgery 84: 71–79.
Klesper, B., Wahn, J. & Koebke, J. (2000) Comparisons
of bone volumes and densities relating to osseointe-
grated implants in microvascularly reconstructed
mandibles: a study of cadaveric radius and fibula
bones. Journal of cranio-maxillo-facial surgery:
official publication of the European Association for
Cranio-Maxillo-Facial Surgery 28: 110–115.
Levin, L., Carrasco, L., Kazemi, A. & Chalian, A.
(2003) Enhancement of the fibula free flap by
alveolar distraction for dental implant restoration:
report of a case. Facial Plastic Surgery: FPS 19:
87–94.
Marchetti, C., Degidi, M., Scarano, A. & Piattelli, A.
(2002) Vertical distraction osteogenesis of fibular
free flap in mandibular prosthetic rehabilitation: a
case report. The International Journal of Periodon-
tics & Restorative Dentistry 22: 251–257.
Matsuura, M., Ohno, K., Michi, K., Egawa, K. &
Takiguchi, R. (1999) Clinicoanatomic examina-
tion of the fibula: anatomic basis for dental
implant placement. The International Journal of
Oral & Maxillofacial Implants 14: 879–884.
Mombelli, A. & Lang, N.P. (1994) Clinical parame-
ters for the evaluation of dental implants. Peri-
odontology 2000 4: 81–86.
Moscoso, J.F., Keller, J., Genden, E., Weinberg, H.,
Biller, H.F., Buchbinder, D. & Urken, M.L. (1994)
Vascularized bone flaps in oromandibular recon-
struction. A comparative anatomic study of bone
stock from various donor sites to assess suitabil-
ity for enosseous dental implants.. Archives of
Otolaryngology – Head & Neck Surgery 120: 36–
43.
Nocini, P.F., Wangerin, K., Albanese, M.,
Kretschmer, W. & Cortelazzi, R. (2000) Verti-
cal distraction of a free vascularized fibular
flap in a reconstructed hemimandible: case
report. Journal of Cranio-Maxillo-Facial Sur-
gery: Official Publication of the European
Association for Cranio-Maxillo-Facial Surgery
28: 20–24.
Perez-Sayans, M., Fernandez-Gonzalez, B., Somoza-
Martin, M., Gandara-Rey, J.M. & Garcia-Garcia,
A. (2008) Peri-implant bone resorption around
implants placed in alveolar bone subjected to dis-
traction osteogenesis. Journal of Oral and Maxil-
lofacial Surgery: Official Journal of the American
Association of Oral and Maxillofacial Surgeons
66: 787–790.
Raghoebar, G.M., Liem, R.S. & Vissink, A. (2002)
Vertical distraction of the severely resorbed eden-
tulous mandible: a clinical, histological and elec-
tron microscopic study of 10 treated cases.
Clinical Oral Implants Research 13: 558–565.
164 | Clin. Oral Impl. Res. 26, 2015 / 157–165 © 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Wang et al Comparative analysis of dental implant treatment
Rocchietta, I., Fontana, F. & Simion, M. (2008)
Clinical outcomes of vertical bone augmentation
to enable dental implant placement: a systematic
review. Journal of Clinical Periodontology 35:
203–215.
Shen, Y., Sun, Jian., Li, J., Shi, J. & Ow, A. (2012)
Long-term results of partial double-barrel vascu-
larized fibula graft in symphysis for extensive
mandibular reconstruction. Journal of Oral Max-
illofacial Surgery 70: 983–991.
Siciliano, S., Lengele, B. & Reychler, H. (1998)
Distraction osteogenesis of a fibula free flap
used for mandibular reconstruction: preliminary
report. Journal of cranio-maxillo-facial sur-
gery: official publication of the European Asso-
ciation for Cranio-Maxillo-Facial Surgery 26:
386–390.
Sieg, P., Zieron, J.O., Bierwolf, S. & Hakim, S.G.
(2002) Defect-related variations in mandibular
reconstruction using fibula grafts. A review of 96
cases. The British Journal of Oral & Maxillofa-
cial Surgery 40: 322–329.
Taylor, T.D. (1989) Osteogenesis of the mandible
associated with implant reconstruction: a patient
report. International Journal of Oral Maxillofa-
cial Implants 4: 227–231.
Wu, Y.Q., Huang, W., Zhang, Z.Y., Zhang, Z.Y.,
Zhang, C.P. & Sun, J. (2008) Clinical outcome of
dental implants placed in fibula-free flaps for oro-
facial reconstruction. Chinese Medical Journal
121: 1861–1865.
Zhang, C.P., Ruan, Min., Xu, L.Q., Hu, Y.J., Yang,
W.J., Ji, T., Qu, X.Z., Li, S.Y., Ow, A., Ma, J.Z. &
Wu, Y.Q. (2012) Dental implant distractor com-
bined with free fibular flap: a new design for
simultaneous functional mandibular reconstruc-
tion. Journal of Oral Maxillofacial Surgery 70:
2687–2700.
© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 165 | Clin. Oral Impl. Res. 26, 2015 / 157–165
Wang et al Comparative analysis of dental implant treatment
